Introduction
Neural progenitor/precursor cells have the ability to proliferate and differentiate into neurons, astrocytes, and oligodendrocytes. 1 These cells are present in the fetal brain and spinal cord, especially in the striatum, hippocampus dentate gyrus, and ependymal, where they have stronger proliferation and differentiation abilities [1] [2] [3] [4] [5] [6] [7] [8] and can be isolated and cultured in vitro for subsequent clinical therapeutic application. 9 Even though many clinical explorations of neural progenitor/precursor cell application have been done, there have been no standardized guidelines for the culture and quality control of these cells to date. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] The lack of standardization has posed a significant challenge for the clinical translation of progenitor/precursor cells for neurorestorative cell therapy. In order to promote clinical safety and efficacy of cell therapies using neural progenitor/precursor cells, the Chinese Association of Neurorestoratology has developed the following set of guidelines, which focus on the clinical application of neural progenitor cells. Thus, the therapeutic efficacy for neurorestoratology can be improved with these guidelines to standardize the application of neural progenitor/ precursor cells.
Standardized training and instruction for operators
At least one senior scientist/manager with a professional-level qualification should be in charge of the laboratory. The operator engaged in cell preparation should be systematically and professionally trained by laboratory staff with a cell biology background.
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Feng et al Basic standardized training items include knowledge learning (cell growth characteristics, growth process, application of cell culture, etc), skills development (cell culture, cryopreservation, resuscitation, transportation, etc), and familiarity with applicable rules and regulations (details in below).
Training methods include centralized teaching, practical training led by teachers, small seminars, symposiums, conferences, etc.
The goal of this training is to master the professional knowledge of neural progenitor/precursor cells, training processes, and control procedures. The standardized management system includes filing and arranging of the original records and work records, and operators' need to comply with the Current Good Manufacturing Practice laboratory maintenance standard operating procedures and complete operating records.
Standardized use and management of materials and equipment
Cell culture laboratories are managed by professionals who are responsible for the maintenance of the equipment, regular calibration, personnel training, normal operation of the clean room, and the establishment and management of the quality certification files of the equipment.
CO 2 incubator
The temperature should be kept consistently at 37°C, and the concentration of CO 2 should be maintained at 5%.
Centrifuge
Objects should be kept for centrifugation in balance. Testing of the product and assessment of the supernatant for cell loss are needed.
Water bath
Distilled water should be changed once a month, and instrument disinfection solution should be added.
Inverted microscope
Power should be turned off and the microscope should be covered after use; and the lens should be cleaned after use of oil mirror.
Super-clean bench or biological safety cabinets
Operation guidance for procedures should be strictly followed.
To determine whether an instrument is operating appropriately, turn off the instrument power supply and complete the usage records after completion of the test.
Neural progenitor/precursor cell culture process
Donor selection
Donor selected from fetuses aborted at 12 weeks of gestation without brain malformations and no history of infectious disease, such as HIV-1, HIV-2 hepatitis B, hepatitis C, and syphilis. Water bag abortion is the best technique (mothers and their families are informed and they sign the informed consent forms, a procedure approved by the hospital ethics committee). 22 Samples are kept in a sterile bag in the freezer and are delivered to the laboratory.
Cell culture medium
The complete DMEM:F12 (1:1) medium optimized for culturing neural progenitor/precursor cells should include antibiotics, 1% N-2 supplement, 2% B-27 supplement, leukemia inhibitory factor 10 ng/mL, epidermal growth factor 20 ng/mL, fibroblast growth factor 20 ng/mL, glutamine; 0.25% trypsin, and fetal bovine serum.
All materials must meet the quality standards of sterile, nonpathogenic microorganisms and endotoxins (bacteria ≤200 CFU/g, mold ≤50 CFU/g, endotoxins ≤10 EU/mL).
Neural progenitor/progenitor cell preparation procedures
The fetal remains should be disinfected using alcohol. The fetal scalp of head must be cut, the skull should be removed, and the dura mater should be peeled. Pieces of tissue in the subventricular zone (~1 cm 3 ) are put into a sterile petri dish.
The sample tissue on a sterile culture dish should be transferred to the clean bench with DF12 rinse for three times and minced into small pieces with ophthalmic scissors. The broken-down pieces of tissue should be taken into a 15 mL sterile centrifuge tube and then 5 mL of DF12 culture medium should be added. The suspension should be aspirated and filtered through a 200 mesh filter to make a single-cell suspension.
The cell suspension should undergo centrifugation at 1,000 rpm/minute for 5 minutes. The supernatant should be removed and the cell pellet should be resuspended in PBS and centrifuged twice. The supernatant should be discarded after the final centrifugation. Then the optimized medium (as described in "Cell culture medium" section) is added for culturing the neural progenitor/precursor cells. After cell counting, cells are plated at a concentration of 2 × 10 5 cells/75 cm 2 flask. After 24 hours, the cells are examined under a microscope to find out if they are contaminated with bacteria and the cells are passaged every 7-10 days. If cells in a flask 
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Neurorestorative clinical application standards are found to be contaminated with bacteria, the flask with those cells must be discarded. Each passage of the cells should be labeled, recorded, and stored. After the cells are passaged for 2-3 times, they can be used for clinical application.
Procedures for cryopreservation and recovery of neural progenitor/precursor cells
The cells can be cryopreserved when they have fully filled the culture flasks. The medium is discarded and 4 mL of DF12 is added to each flask to wash the cells. Again, 4 mL of DF12 is added to each flask and the cells are dissociated with a thick elbow straw from one side to another, avoiding the formation of bubbles. Cells are collected after centrifugation at 1,000 rpm/minute for 5 minutes. Then, 2 × 10 6 cells are added to 1 mL of freezing medium (10% dimethyl sulfoxide, 50% fetal bovine serum, and 40% optimized medium) and gently mixed with a thick elbow straw; then, the cell suspension is added to the Cryovials, the cell and tissue number is labeled, and the storage records are completed.
Storage procedures are as follows: 4°C ~45 minutes; −20°C ~1 hour; −80°C ~overnight; stored in a liquid nitrogen tank.
The cells are recovered in the following way: the Cryovials are removed from the liquid nitrogen tank, placed then into a water bath at 38.5°C as quickly as possible, and quickly swirled to accelerate thawing. The surface of the Cryovials is dried with sterile gauze. The cell suspension is aspirated into a 15 mL centrifuge tube containing 10 mL DF12 medium using a thick elbow straw and centrifuged for 5 minutes (1,000 rpm/ minute). The supernatant is discarded, and the cell pellet is resuspended in a 15 mL of prewarmed DF12 medium for a second rinse; the mixture is then centrifuged for 5 minutes (1,000 rpm/minute). The supernatant is discarded and the cell pellet is resuspended in a 15 mL of prewarmed DF12 medium for a third rinse. The mixture is centrifuged for 5 minutes (1,000 rpm/minute), supernatant is discarded, the cell pellet is resuspended in a 15 mL of prewarmed culture medium, and cells are plated in the culture flask.
Neural progenitor/precursor cell quality control standards Detecting exogenous factors in cell products
The current version of "Chinese Pharmacopoeia" related to biological products is followed in order to detect any exogenous bacteria, fungi, mycoplasma, and endotoxins.
Cell immunophenotype
Neural progenitor/precursor cells isolated from the subventricular zone are to be identified by using specific neural antigens including Nestin, neurofilament (NF), glial fibrillary acidic protein (GFAP), and NG2. The immunofluorescence staining or flow cytometry can be used to identify the immunophenotype. The approximate ratio among NF-positive neurons, NG2-positive oligodendrocytes, and GFAP-positive astrocytes should be 1:1.5:2.
Cell activity
Using placental blue staining, cell activity should reach more than 95%. 
Cell quality control and management
Products must be double reviewed, and quality management records must be completed. Cells can be used for transplantation treatment only after the cell laboratory manager completes quality control testing and signs the record.
Clinical cell dosage
For the appropriate cell dosage, refer to the clinical cell therapy guidelines for neurorestoration. 23, 24 The temperature and time control of clinical cell transport A biological safety box is used for transport after the preparation of cell products, and the temperature of biological safety box is 4°C. Cell products should be used for transplantation within 2 hours. 25, 26 
Management of the clinical treatment level cell bank
To establish the clinical neural cell files and inventory management according to the cell sources, the generation of the culture, location in the liquid nitrogen tank, date of cryopreservation, and human leukocyte-antigen matching should be noted.
Summary
Formulation of clinical level neural progenitor/precursor cell preparation and quality control standards is essential to promote standardization of clinical neural repair treatment, and this standard is the minimum standard at present. This
